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(57) ABSTRACT 

A liquid material vaporizer comprises a gas-liquid mixing 
Section for mixing a liquid material and a carrier gas togen 
erate a gas-liquid mixture, and a heating type vaporizing 
section for vaporizing the gas-liquid mixture from the gas 
liquid mixing section and exhausting outside the gas gener 
ated by the vaporization with assistance of the carrier gas, 
wherein the vaporizing section is configured with an arrange 
ment of one or a plurality of flat plates formed in a spiral shape 
by an inwardly twisting path. Such an arrangement provides 
an excellent liquid material vaporizer capable of even if a 
liquid material composed of a plurality of materials having 
different boiling points is vaporized, preventing a residue 
from being generated, and performing the vaporization in a 
preferable manner. 

4 Claims, 13 Drawing Sheets 
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1. 

LIQUID MATERIAL VAPORIZER 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation in part of U.S. patent 
application Ser. No. 12/295,862, titled LIQUID MATERIAL 
VAPORIZER, filed Nov. 13, 2008, which is a national stage 
of PCT/JP2007/057593, filed Apr. 4, 2007, which in turn 
claims priority to Japanese Patent Application No. 2006 
103803, filed Apr. 5, 2006, the entire contents of each of 
which are hereby incorporated by reference for all purposes. 

FIELD OF THE INVENTION 

The present invention relates to a liquid material vaporizer 
for vaporizing various liquid materials used in semiconductor 
manufacturing. 

BACKGROUND ART 

There is conventionally known a liquid material vaporizer 
adapted to be able to surely vaporize a liquid material without 
thermal decomposition even if the liquid material is likely to 
be thermally decomposed. 

Specifically, this sort of liquid material vaporizer includes: 
a gas-liquid mixing section including a control valve that is 
Supplied with a liquid material and a carrier gas, and provided 
with a flow rate control function for mixing the liquid material 
with the carrier gas while controlling a flow rate of the liquid 
material; a vaporizing section that is provided separately from 
the gas-liquid mixing section, and intended for discharging 
and depressurizing a gas-liquid mixture introduced from the 
gas-liquid mixing section through a pipeline to thereby vapor 
ize the liquid material and exhausting with the assistance of 
the carrier gas a gas generated by the vaporization; the pipe 
line for making a connection between the gas-liquid mixing 
section and the vaporizing section; and the like (see, for 
example, Patent document 1). 
Patent document 1:Japanese Unexamined Patent Publication 

No. 2003-1631 68 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

However, a conventional configuration has a problem that 
if the liquid material formed by dissolving a high boiling 
point Solute in a low boiling point material solvent is vapor 
ized, only the low boiling point material Solvent is vaporized 
in the pipeline, and the high boiling point Solute becomes a 
residue, which blocks the pipeline, and other problems. 
The present invention is made by focusing on Such prob 

lems, and a main object thereof is to provide an excellent 
liquid material vaporizer that, even if the liquid material 
formed by dissolving the high boiling point solute in the low 
boiling point material solvent is vaporized, does not have the 
problem that only the low boiling point material solvent is 
vaporized in the pipeline, and the high boiling point Solute 
becomes a residue, which blocks the pipeline. 

Means Adapted to Solve the Problems 

That is, a liquid material vaporizer according to the present 
invention is configured to include: a gas-liquid mixing section 
for mixing a liquid material and a carrier gas to generate a 
gas-liquid mixture; a heating type vaporizing section for 
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2 
vaporizing the gas-liquid mixture from the gas-liquid mixing 
section and exhausting outside with an assistance of the car 
rier gas a gas generated by the vaporization; a connecting 
section for making a connection between the gas-liquid mix 
ing section and the vaporizing section, the connecting section 
having a flow path for the gas-liquid mixture inside thereof. 
and a connecting section cooling section for cooling the con 
necting section. 

Note that the “liquid material' by which an effect of the 
liquid material vaporizer of the present invention can be par 
ticularly verified includes a liquid-like material in which a 
plurality of materials having different boiling points are 
mixed, for example, a liquid material formed by dissolving a 
high boiling point solute in a low boiling point material Sol 
vent. In addition, it should be appreciated that the liquid 
material vaporizer can vaporize the other liquid materials (for 
example, one including a single constituent, one in which a 
plurality of materials having a same boiling point are mixed, 
and the like). Also, a method for producing the liquid material 
may be any one, for example, one including dissolving a solid 
in a liquid to form the liquid material, one including mixing 
liquids with each other, or other method. 

Such configuration enables heat of the vaporizing section 
to be Suppressed from transferring toward the gas-liquid mix 
ing section, and the gas-liquid mixture passing through a flow 
path inside the connecting section to be suppressed from 
being affected by energy of the heat, by the connecting sec 
tion cooling section cooling the connecting section. Accord 
ingly, even if the liquid material formed by, for example, 
dissolving a high boiling point solute in a low boiling point 
material solvent is vaporized, there can be prevented a prob 
lem that only the low boiling point material Solvent is vapor 
ized, and the high boiling point solute becomes a residue in a 
pipeline, or diaphragm for liquid flow rate control inside the 
gas-liquid mixing section, which blocks an internal flow path 
of the connecting section or the diaphragm. 

That is, there can be provided an excellent liquid material 
vaporizer capable of even if the liquid material including a 
plurality of materials having different boiling points is vapor 
ized, preventing a residue from being generated, and prefer 
ably performing the vaporization. 
To obtain a higher effect of preventing the residue genera 

tion, the connecting section cooling section preferably cools 
the connecting section Substantially entirely. 

Even if the vaporizing section is heated to and retained at 
approximately 300 degrees C., the gas-liquid mixing section 
can be cooled to approximately 60 degrees C. by an action of 
the connecting section cooling section, and therefore the resi 
due can be preferably prevented from being generated while 
ensuring a function of a high temperature type vaporizing 
section. 
A specific aspect of the connecting section cooling section 

of the present invention includes one in which the connecting 
section cooling section is configured to include one or a 
plurality of connecting section cooling fins that are Supplied 
with a cooling gas and fitted to the connecting section. By 
employing Such a configuration, a high cooling effect can be 
obtained, and the problem of the residue generation can be 
preferably prevented even though the configuration is simple. 

With this, if the connecting section cooling fins are 
arranged in a cooling case having: an inlet for introducing the 
cooling gas inside thereof, and an outlet for exhausting the 
cooling gas having been used for cooling outside thereof, the 
cooling gas can be effectively supplied to the connecting 
section cooling fins, so that in addition to effectively cooling 
the connecting section cooling fins, required cold air from the 
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cooling gas can be prevented from escaping and wasting, 
which is useful for energy saving. 

Providing a cooling gas cooling section for preliminarily 
cooling the cooling gas enables a higher cooling effect in the 
connecting section to be obtained, and is effective in prevent 
ing the above-described problem. 

Note that a desirable aspect of the cooling gas cooling 
section includes one in which the cooling gas cooling section 
includes: one or a plurality of cooling gas cooling fins; and a 
cooling gas cooling Peltier element configured to be fitted 
toward a flow path for the cooling gas on a cooling side 
thereof and fitted to the cooling gas cooling fins on a heat 
generating side thereof. 

Another specific aspect of the connecting section cooling 
section of the present invention includes one in which the 
connecting section cooling section is configured to include: a 
connecting section cooling Peltier element fitted to the con 
necting section on a cooling side thereof, and one or a plural 
ity of Peltier element cooling fins fitted to a heat generating 
side of the connecting section cooling Peltier element. 

Effect of the Invention 

As described, the liquid material vaporizer according to the 
present invention enables the heat of the vaporizing section to 
be suppressed from transferring toward the gas-liquid mixing 
section, and the gas-liquid mixture passing through a flow 
path inside the connecting section to be suppressed from 
being affected by energy of the heat, by the connecting sec 
tion cooling section cooling the connecting section. Accord 
ingly, even if the liquid material formed by, for example, 
dissolving a high boiling point Solute in a low boiling point 
material solvent is vaporized, there can be prevented a prob 
lem that only the low boiling point material Solvent is vapor 
ized, and the high boiling point solute becomes a residue in a 
pipeline, or diaphragm for liquid flow rate control inside the 
gas-liquid mixing section, which blocks an internal flow path 
of the connecting section, or the diaphragm. 

That is, there can be provided an excellent liquid material 
vaporizer capable of, even if the liquid material including a 
plurality of materials having different boiling points is vapor 
ized, preventing the residue from being generated, and pref 
erably performing the vaporization. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a structural cross-sectional view schematically 
illustrating a structural cross-section of a liquid material 
vaporizer according to one embodiment of the present inven 
tion. 

FIG. 2 is a perspective view of a main part in a same 
embodiment. 

FIG. 3 is a structural cross-sectional view of a gas-liquid 
mixing chamber portion in the same embodiment (with a 
Volume of the gas-liquid mixing chamber being reduced). 

FIG. 4 is a structural cross-sectional view of the gas-liquid 
mixing chamber portion in the same embodiment (with the 
Volume of the gas-liquid mixing chamber being normal). 

FIG. 5 is a structural cross-sectional view schematically 
illustrating a structural cross-section of a liquid material 
vaporizer according to another embodiment of the present 
invention. 

FIG. 6 is a structural cross-sectional view schematically 
illustrating a structural cross-section of a liquid material 
vaporizer according to further another embodiment of the 
present invention. 
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4 
FIG. 7 is a structural cross-sectional view schematically 

illustrating a structural cross-section of a liquid material 
vaporizer according to still further another embodiment of the 
present invention. 

FIG. 8 is a structural cross-sectional view schematically 
illustrating a structural cross-section of a liquid material 
vaporizer according to yet another embodiment of the present 
invention. 

FIG. 9 is a flow path diagram showing an experiment using 
a liquid material vaporizer of the present invention. 

FIG. 10 is a graph depicting experimental results in the 
case of having arranged the liquid material vaporizer A of the 
present invention in the flow path. 

FIG. 11 is a graph depicting experimental results in the 
case of having arranged the liquid material vaporizer B of the 
present invention in the flow path. 

FIG. 12 is a structural cross-sectional view schematically 
illustrating a structural cross-section of a gas-liquid mixing 
section according to another embodiment of the present 
invention. 

FIG. 13 is a cross-sectional view schematically illustrating 
a nozzle section according to another embodiment of the 
present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

One embodiment of the present invention is described 
below referring to the drawings. 
A liquid material vaporizer A of the present embodimentis, 

as illustrated in FIGS. 1 and 2, configured to include: a gas 
liquid mixing section 1 for mixing a liquid material LM and a 
carrier gas CG to generate a gas-liquid mixture GL; a heating 
type vaporizing section 2 for vaporizing the gas-liquid mix 
ture GL from the gas-liquid mixing section 1 and exhausting 
the vaporized gas outside with an assistance of the carrier gas 
CG, a connecting section 3 that is intended for making a 
connection between the gas-liquid mixing section 1 and the 
vaporizing section 2 and has inside a flow path for the gas 
liquid mixture GL or the like; and a connecting section cool 
ing section 4 for cooling the connecting section3. The respec 
tive sections are specifically described below. 
The gas-liquid mixing section 1 is configured to include: a 

Substantially rectangular-shaped main body block 11 having 
three different flow paths 1a to 1c inside; a flow rate control 
ling section 12 provided on an upper Surface side of the main 
body block 11; a gas-liquid mixing chamber 13 formed in a 
space sandwiched between the main body block 11 and the 
flow rate controlling section 12. 
The main body block 11 is formed of a metal material 

having high thermal and corrosion resistance. Such as stain 
less steel, and configured to be heatable with a heater 11H 
provided on a lower end side of the three flow paths 1a to 1c. 
The three flow paths 1a to 1c respectively refer to: a liquid 

material introduction path 1a for introducing the liquid mate 
rial LM into the gas-liquid mixing chamber 13; a carrier gas 
introduction path 1b for introducing the carrier gas CG into 
the gas-liquid mixing chamber 13; and a gas-liquid mixture 
exhaust path 1c for exhausting the gas-liquid mixture GL 
generated in the gas-liquid mixing chamber 13. 
The liquid material introduction path 1a is, as illustrated in 

FIG. 2 and other drawings, one having a Substantially L 
shape, as viewed from side, including: a liquid material intro 
duction path horizontal section 1a1 extending in a horizontal 
direction; and a liquid material introduction path rising sec 
tion 1a2 in which a gas-liquid mixing chamber 13 side of the 
liquid material introduction path horizontal section 1a1 is 
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risen in a substantially vertical direction. In the present 
embodiment, a diameter of the liquid material introduction 
path horizontal section 1a1 is made Substantially equal to that 
of the liquid material introduction path rising section 1a2. 
The carrier gas introduction path1b is, as illustrated in FIG. 

2 and other drawings, one having a Substantially L shape, as 
viewed from side, including: a carrier gas introduction path 
horizontal section 1b1 extending in a horizontal direction; 
and a carrier gas introduction path rising section 1b2 in which 
a gas-liquid mixing chamber 13 side of the carrier gas intro 
duction path horizontal section 1b1 is risen in a substantially 
vertical direction. In the present embodiment, a diameter of 
the carrier gas introduction path horizontal section 1b1 is 
made larger than that of the carrier gas introduction path 
rising section 1b2. 
The gas-liquid mixture exhaust path 1c is, as illustrated in 

FIG. 2 and other drawings, one having a Substantially L 
shape, as viewed from side, including: a gas-liquid mixture 
exhaust path horizontal section 1c1 extending in a horizontal 
direction; and a gas-liquid mixture exhaust path rising section 
1C2 in which a gas-liquid mixing chamber 13 side of the 
gas-liquid mixture exhaust path horizontal section 1c1 is 
risen in a substantially vertical direction. In the present 
embodiment, a diameter of the gas-liquid mixture exhaust 
path horizontal section 1c1 is made equal to that of the gas 
liquid mixture exhaust path rising section 1 c2. 
The flow rate controlling section 12 is, as illustrated in 

FIGS. 3 and 4 and other drawings, configured to include: a 
thin disk-like diaphragm 121 arranged in a position where a 
concave portion 131 of the main body block 11 can be cov 
ered; a substantially cylindrical shaft section 120 provided in 
the center of the diaphragm 121; a piezo actuator 122 brought 
into abutting contact with an upper end part of the shaft 
section 120 via a sphere 12x; and a biasing member 123 for 
constantly biasing the shaft section 120 upward, and these 
respective components are contained inside a valve block 
124a and also inside a substantially tubular housing 124b 
provided upright on an upper part of the valve block 124a. 
Note that, in the present embodiment, the valve block 124a is 
fitted onto the main body block 11 via a spacer SP and an 
O-ring OR. 

Also, in the present embodiment, when the diaphragm 121 
is subjected to a pressing force (pressing force larger than a 
biasing force by the biasing member 123) downward by the 
piezo actuator 122 via the shaft section 120, it is displaced 
convexly downward to decrease a volume inside the gas 
liquid mixing chamber 13 formed between the diaphragm 
121 and a valve seat 132, and block an opening of the liquid 
material introduction path rising section 1a2 by a lower end 
surface 120x of the shaft section 120 (see FIG. 3), whereas 
when it is not subjected to the pressing force, the diaphragm 
121 and the lower end surface 120x of the shaft section 120 
are kept at a level spaced from the valve seat 132 (by an 
amount equal to a thickness of the spacer SP), and the Volume 
inside the gas-liquid mixing chamber 13 can be appropriately 
ensured (see FIG. 4). 
The gas-liquid mixing chamber 13 is one formed in a space 

sandwiched between the concave portion 131 in which an 
upper surface of the main body block 11 is concaved in a 
substantially dish-like shape and the valve seat 132 of a cir 
cular shape as viewed planarly that is arranged in the center of 
the concave portion 131 and provided at a level higher than a 
bottom level of the concave portion 131, and an after-men 
tioned lower end surface of the diaphragm 121 of the flow rate 
controlling section 12 (see FIG. 4). 

In addition, on the concave portion 131, the liquid material 
introduction path rising section 1a2 is opened. 
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6 
Also, the valve seat 132 is provided with a mixing groove 

132m of a substantially oval shape as viewed planarly. Fur 
ther, in the mixing groove 132m, the carrier gas introduction 
path rising section 1b2 is opened, and the gas-liquid mixture 
exhaust path rising section 1 c2 is opened. 
The vaporizing section 2 is configured to include: a pre 

heating block 21; a vaporizing block 22 provided on a side of 
the preheating block 21 opposite to the gas-liquid mixing 
section 1; a gas introduction path 23 that is provided in Sub 
stantially the center of the preheating block 21 and passes 
through in a thickness direction of the preheating block 22; a 
gas exhaust path 24 that is provided in Substantially the center 
of the vaporizing block 22 and passes through in a thickness 
direction of the vaporizing block 22; and a nozzle section 25 
provided at a connecting section between the gas introduction 
path 23 and the gas exhaust path 24. 
The preheating block 21 is one formed of a metal material 

having high thermal conductivity, such as aluminum. 
The vaporizing block 22 is one formed of a metal material 

having high thermal and corrosion resistance. Such as stain 
less steel. Also, the vaporizing block 22 incorporates aheater 
(not shown). By the heater, a whole of the vaporizing block 22 
including the nozzle section 25 is adapted to be heated to and 
retained at a temperature (e.g., approximately 300 degrees C.) 
considerably higher than aheating and retaining temperature 
of the main body block 11. 
The gas introduction path 23 is one formed by using an 

after-mentioned internal flow path of a pipe member P. 
The gas exhaust path 24 is a Substantially straight pipe, 

whose end on the nozzle section 25 side is formed in a conic 
shape. In the present embodiment, an outer diameter of the 
gas exhaust path 24 is set larger than that of the gas introduc 
tion path 23. Also, a downstream side of the gas exhaust path 
24 is connected to a pipeline (not shown) to semiconductor 
manufacturing equipment. 
The nozzle section 25 is considerably small as compared 

with diameters and lengths of the gas introduction path 23 and 
the gas exhaust path 24, and has a diameter and length of for 
example, 1.0 mm or less and approximately 1.0 mm, respec 
tively. Through the nozzle section 25, the gas-liquid mixture 
GL introduced through the gas introduction path 23 flows, 
and upon the flow, the liquid material LM contained in the 
gas-liquid mixture GL is depressurized and thereby vapor 
ized, and a gas generated by the vaporization is mixed with 
the carrier gas CG to become a gas mixture KG. 
The connecting section 3 is one having an internal flow 

path 31 for introducing inside the gas-liquid mixture GL and 
carrier gas CG from the gas-liquid mixture exhaust path 1C 
and exhausting them toward the gas exhaust path 23 of the 
vaporizing section 2. In the present embodiment, the internal 
flow path 31 of the connecting section 3, the gas-liquid mix 
ture exhaust path horizontal section 1c1 of the gas-liquid 
mixing section 1, and the gas introduction path 23 of the 
vaporizing section 2 are adapted to be formed by using the 
internal flow path of the common pipe member P. 
The connecting section cooling section4 is one of a “forced 

air cooling type' provided with a plurality of connecting 
section cooling fins 41 that are externally Supplied with a 
cooling gas CL and fitted to the connecting section 3. Also, 
the connecting section cooling fins 41 respectively use the 
same thin plate like fins. Also, the connecting section cooling 
fins 41 are arrayed at given intervals so as not to prevent the 
flow of the cooling gas CL. Further, the plurality of connect 
ing section cooling fins 41 are arranged in a cooling case 42 
having an inlet 421 for introducing inside the cooling gas CL 
and an outlet 422 for exhausting outside the cooling gas 
having been used for cooling. 
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Next, the usage of the liquid material vaporizer A having 
the above configuration is described. 

First, the liquid material LM through the liquid material 
introduction path 1a is introduced into the mixing groove 132 
with a flow rate thereof into the mixing groove 132m being 
controlled by the lower end surface 120x of the shaft section 
120 driven by the piezo actuator 122, and also the carrier gas 
CG is introduced into the mixing groove 132m through the 
carrier gas introduction path 1b. The liquid material LM and 
carrier gas CG are mixed with each other in the mixing groove 
132m, and then exhausted into the gas-liquid mixture exhaust 
path 1c as the gas-liquid mixture GL. The gas-liquid mixture 
GL further reaches the vaporizing section 2 through the inter 
nal flow path 31 of the connecting section 3. 

Note that the connecting section 3 is cooled by the con 
necting section cooling section 4. This enables heat of the 
vaporizing section 2 to be suppressed from transferring 
toward the gas-liquid mixing section 1, and the gas-liquid 
mixture GL passing through the internal flow path 31 and the 
like of the connecting section 3 to be Suppressed from being 
affected by energy of the heat. Specifically, if a temperature 
due to the heat of the vaporizing section 2 is approximately 
300 degrees C. and the connecting section cooling section 4 is 
absent, a temperature of the gas-liquid mixing section 1 is 
approximately 100 degrees C., whereas if the connecting 
section cooling section 4 is present, the temperature of the 
gas-liquid mixing section 1 can be reduced to approximately 
60 degrees C. Accordingly, even if the liquid material LM 
formed by, for example dissolving a high boiling point Solute 
in a low boiling point material Solventis vaporized, there does 
not arise a problem that only the low boiling point material 
Solvent is vaporized, and the high boiling point Solute 
becomes a residue in the gas-liquid mixture exhaust path 
horizontal section 1c1 of the gas-liquid mixing section 1, the 
internal flow path 31 of the connecting section 3, the gas 
introduction path 23 of the vaporizing section 2, or the dia 
phragm 121 for liquid flow rate control inside the gas-liquid 
mixing section 1, which blocks the internal flow path of the 
connecting section 3 or the diaphragm 121. 
When the gas-liquid mixture GL having been introduced 

into the gas introduction path 23 of the vaporizing section 2 in 
a manner described above is further introduced into the 
nozzle section 25, the liquid material LM contained in the 
gas-liquid mixture GL is depressurized and thereby vapor 
ized in the nozzle section 25. Then, the gas generated by the 
vaporization is mixed with the carrier gas CG to become the 
gas mixture KG, which is then exhausted outside. 

Therefore, according to the liquid material vaporizer A as 
described above, the connecting section cooling section 4 
cools the connecting section3, whereby the heat of the vapor 
izing section 2 can be Suppressed from transferring toward the 
gas-liquid mixing section 1, and the gas-liquid mixture GL 
passing through the flow path inside the connecting section 3 
can be suppressed from being affected by the energy of the 
heat. Accordingly, even if the liquid material LM formed by, 
for example, dissolving a high boiling point solute in a low 
boiling point material solvent is vaporized, there can be pre 
vented a problem that only the low boiling point material 
Solvent is vaporized, and the high boiling point Solute 
becomes a residue in the gas-liquid mixture exhaust path 
horizontal section 1c1 of the gas-liquid mixing section 1, the 
internal flow path 31 of the connecting section 3, the gas 
introduction path 23 of the vaporizing section 2, or the dia 
phragm 121 for liquid flow rate control inside the gas-liquid 
mixing section 1, which blocks each of the flow paths or the 
diaphragm 121. 
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8 
That is, there can be provided the excellent liquid material 

vaporizer Acapable of even if the liquid material LM includ 
ing a plurality of materials having different boiling points is 
vaporized, preventing the residue from being generated, and 
preferably performing the vaporization. 
The connecting section cooling section 4 Substantially 

entirely cools the connecting section 3, and, in addition to 
this, the connecting section cooling section 4 is configured to 
include the plurality of connecting section cooling fins 41 that 
are Supplied with the cooling gas CL and fitted to the con 
necting section 3. So that, even if the vaporizing section 2 is 
heated to and retained at approximately 300 degrees C., the 
gas-liquid mixing section 1 can be cooled to approximately 
60 degrees C. by an action of the connecting section cooling 
section 4. Accordingly, even with Such a simple structure, a 
high cooling effect can be obtained in the connecting section 
cooling section 4, and the problem of generation of the resi 
due can be preferably prevented, while ensuring a function of 
the high temperature type vaporizing section 2. 

Note that the present invention is not limited to the above 
described embodiment. 

For example, there may be employed an aspect including a 
cooling gas cooling section 43 for preliminarily cooling the 
cooling gas CL used for cooling the connecting section cool 
ing fins 41. Specifically, as illustrated in FIG. 5, an aspect 
includes one adapted Such that the cooling gas cooling section 
43 includes: a plurality of cooling gas cooling fins 431; and a 
cooling gas cooling Peltier element 432 configured to be 
fitted toward a flow path for the cooling gas CL on a cooling 
side thereof and fitted to the cooling gas cooling fins 431 on a 
heat generating side thereof. 

Employing such a configuration enables a higher cooling 
effect in the connecting section3 to be obtained, and is further 
effective in preventing the above-described problem. 

Also, as illustrated in FIG. 6, there may be employed an 
aspect in which the connecting section cooling section 4 is 
configured to include: a connecting section cooling Peltier 
element 47 fitted to the connecting section 3 on a cooling side 
thereof; and a plurality of Peltier element cooling fins 48 fitted 
to a heating side of the connecting section cooling Peltier 
element 47. 

Employing Such a configuration enables a problem of gen 
eration of the residue to be preferably prevented by directly, 
aggressively, and actively cooling the connecting section 3. 

Further, as illustrated in FIG. 7, there may be employed an 
embodiment in which the liquid material vaporizer A is con 
figured to vertically arrange the gas-liquid mixing section 1. 
the connecting section 3 fitted with the connecting section 
cooling section 4, and the vaporizing section 2 in this order 
from the top. 

Employing such a configuration enables a problem of 
blocking the nozzle section 25 to be prevented even if the 
liquid material LM remains in the nozzle section 25 of the 
vaporizing section 2, because the liquid material LM drops 
down due to gravitational force. 

Further, a cooling method in the connecting section cool 
ing section is not limited to that in the present embodiment, 
but an appropriate cooling method may be employed depend 
ing on an embodiment, such as water cooling using liquid for 
cooling. 

Also, there may be employed a configuration in which a 
“backflow prevention nozzle' for preventing the liquid mate 
rial Supplied to the gas-liquid mixing chamber from flowing 
back into the carrier gas introduction path is further provided 
in addition to each of the above-described embodiments. A 
specific aspect of the backflow prevention nozzle includes, 
for example, a nozzle section for backflow prevention 
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described in Japanese Unexamined Patent Publication No. 
2003-273025 (pages 3 and 4, and FIG. 2). 

Meanwhile, for example, if the gas introduction path 24 is 
hollow, lower pressure inside the path causes a gas density of 
the gas mixture KG to be reduced, resulting in a longer 
intermolecular distance. For this reason, heat becomes diffi 
cult to transfer, and therefore the gas mixture KG cannot be 
preferably exhausted outside. That is, the vaporization may 
be affected. For this reason, by arranging an unshown filling 
material in the gas introduction path 24, the heat transfer can 
be facilitated to preferably perform the vaporization even if 
the pressure inside the path is low. As the filling material, a 
metal material Such as titanium having high thermal conduc 
tivity can be used. Also, regarding the filling material, a 
plurality of granular (spherical) filling materials may be 
arranged in the path, or one or a plurality of filling materials 
formed in a spiral shape by twisting flat plates (so-called Static 
mixer) may be arranged in the path. The filling materials of 
the spiral shape result in lower pressure loss when arranged in 
the path, as compared with the granular filling materials, and 
therefore the vaporization can be more preferably performed. 

Also, in a rear stage of the nozzle section 25, an unshown 
filter may be provided. Providing the filter enables the residue 
to be trapped even if the residue is generated. Also, even if 
unvaporized liquid of the gas-liquid mixture GL remains, 
from which mist is generated, the mist can be eliminated. 

FIG. 8 shows a liquid material vaporizer B having a static 
mixer 24a arranged in a gas exhaust path 24 of a vaporizing 
section of a liquid material vaporizer A and having a filter 24b 
arranged toward the downstream side of the static mixer 24a. 
Employing Such a configuration enables the pressure loss to 
be lowered and the vaporization to be more preferably per 
formed and also can prevent a residue from being exhausted 
from the liquid material vaporizer. 

Note that the following experiments were performed in 
order to demonstrate the effects in the case of having a static 
mixer and a filter arranged in a liquid material vaporizer. 
The experiment method is described as follows. The liquid 

material vaporizer is arranged inside of the flow path. The 
flow path, as illustrated in FIG.9, is branched to a pipeline P1 
into which a carrier gas flows, and a pipeline P3 into which a 
liquid material flows. As for the pipeline P1, a mass flow 
controller 50 and a pressure gauge 53 are arranged toward the 
liquid material vaporizer side in this order, and that end is 
connected with a carrier gas introduction path 1b of the liquid 
material vaporizer. A gas exhaust path 24 of the liquid mate 
rial vaporizer is also connected with one end of a pipeline P2, 
at which a pressure gauge 54 and a mass flow controller 52 are 
arranged in this order from the liquid material vaporizer B 
side, and another end is connected with a dry pump. More 
over, the pipeline P3 is branched to a pipeline connected with 
a liquid material introduction path 1a of the liquid material 
vaporizer, and to a pipeline connected with the dry pump, and 
a mass flow controller 51 is arranged at the pipeline connected 
with the liquid material vaporizer. In addition, the mass flow 
controllers 50 and 51 and a mass flow meter 52 are each mass 
flow meters, and any of a heat type and a Coriolis type may be 
used. 

For purpose of comparison, the experiments are performed 
separately using the liquid material vaporizer A mentioned 
above, or the liquid material vaporizer B mentioned above, 
respectively, as the liquid material vaporizer. 

In Such a flow path, when a helium gas, which is a carrier 
gas, flows through the pipeline P1, the carrier gas, which flow 
rate is controlled by the mass flow controller 50, and which 
pressure is measured with the pressure gauge 53, will be 
introduced from a carrier gas introduction path 1b to the 
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10 
liquid material vaporizer. At this point, the pressure gauge 53 
and the mass flow controller 50 measure the pressure and the 
flow rate by the upper stream side of the liquid material 
vaporizer respectively in accordance with a time series. 

Moreover, when Tetraethoxysilane (TEOS), which is a 
liquid material, flows through the pipeline P3, the liquid 
material will be introduced from a liquid material introduc 
tion path 1a to the liquid material vaporizer after the flow rate 
is controlled by the mass flow controller 51. At this point, the 
mass flow controller 51 measures the flow rate of the liquid 
material in accordance with a time series. 
The carrier gas and the liquid material introduced in the 

liquid material vaporizer are mixed in the liquid material 
vaporizer to become a gas-liquid mixture. After being vapor 
ized by depressurizing the gas-liquid mixture, the vaporized 
gas and the carrier gas are mixed to become a gas mixture and 
the gas mixture is exhausted through a gas exhaust path. 
The gas mixture exhausted from the liquid material vapor 

izer is drawn by a dry pump after its pressure measured by the 
pressure gauge 54 and its flow rate measured by the mass flow 
meter 52. At this point, the pressure gauge 54 and the mass 
flow meter 52 measure the pressure and the flow rate of the 
downstream side of the liquid material vaporizer respectively 
in accordance with a time series. 

Note that in this experiment, a main temperature is set to be 
100 degrees C., a steam temperature to be 110 degrees C., a 
flow rate of the carrier gas to be 1.5 SLM, and a supply 
pressure to be 0.2 MPa, and in the condition of non-operation 
of the liquid material vaporizer, a pressure of the downstream 
side is set to be 75 Torr and a temperature of the downstream 
side to be 150 degrees C. 
The results of the experiment are discussed as follows. 

FIG. 10 is a graph depicting experimental results in the case 
ofusing the liquid material vaporizer A, and FIG. 11 is a graph 
depicting experimental results in the case of using the liquid 
material vaporizer B. Note that MFC OUTPUT indicates that 
the flow rate value of the carrier gas before being introduced 
to the liquid material vaporizer was measured by the mass 
flow controller 50 in accordance with a time series. Back 
Press indicates that the pressure value of the gas mixture 
exhausted from the liquid material vaporizer was measured 
by the pressure gauge 54 in accordance with a time series. LF 
SET/OUTPUT indicates that the flow rate value of the liquid 
material before being introduced to the liquid material vapor 
izer was measured by the mass flow controller 51 in accor 
dance with a time series. MFM OUTPUT indicates that the 
electric power value of the gas mixture exhausted from the 
liquid material vaporizer was measured by the mass flow 
meter 52 in accordance with a time series. 
As shown in FIGS. 10 and 11, the values of MFC OUTPUT 

and LF SET/OUTPUT show hardly any changes in the graph 
and are stable when using either the liquid material vaporizer 
A or the liquid material vaporizer B. 
On the other hand, when using the liquid material vaporizer 

A, as shown in FIG. 10, the values of Back Press and MFM 
OUTPUT change finely in the graph according to a time 
series, but when using the liquid material vaporizer B, as 
shown in FIG. 11, they hardly change in the graph and are 
stable. 

This is considered to be because when using the liquid 
material vaporizer A, the values of Back Press and MFM 
OUTPUT are changed finely by exhausting the liquid mate 
rial, which was not vaporized in the gas exhaust path 24, to the 
pipeline P2 in the mist state by being pressed by the carrier 
gas or being depressurized and drawn toward the downstream 
side. 
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On the other hand, it is believed that when using the liquid 
material vaporizer B, the liquid material has lower pressure 
loss and is in the state of being easy to vaporize by arranging 
a static mixer 24a in the gas exhaust path 24 and also the mist 
is not included in the gas mixture being exhausted in the 
pipeline P2 by collecting the unvaporized liquid material by a 
filter 24, and therefore the values of Back Press and MFM 
OUTPUT are stable compared with those of using the liquid 
material vaporizer A. 

Accordingly, by arranging the static mixer 24a and filter 
24b in the gas exhaust path 24 of the liquid material vaporizer 
B, the liquid material can be more preferably vaporized and 
the exhaustion of a residue by being mixed in the gas mixture 
can be prevented. 
As another embodiment of the present invention, as shown 

in FIG. 12, a static mixer 61 may be arranged in a gas-liquid 
mixing section 60. Accordingly, the uniformity or the heat 
exchange effectiveness of the temperature and concentration 
of the liquid material and the carrier gas can be improved. 

With this, as shown in FIGS. 12 and 13, the tip of a nozzle 
62 where the liquid material is exhausted may be arranged to 
reach the center of the hollow section of a piping 63 and a 
nozzle 62 may be configured to have multiple holes 62a. 
Therefore, the liquid material can be more preferably dif 
fused. 

Furthermore, the specific configuration of each of the sec 
tions is not limited to those configuration of the above-de 
scribed embodiments, but may be variously changed without 
departing from the scope of the present invention. 
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INDUSTRIAL APPLICABILITY 

The liquid material vaporizer having such configuration 
according to the present invention can prevent a residue from 
being generated to preferably perform the vaporization even 
if a liquid material including a plurality of materials having 
different boiling points is vaporized, and is therefore prefer 
ably used as, for example, a liquid material vaporizer for 
vaporizing various liquid materials used in semiconductor 
manufacturing. 
We claim: 
1. A liquid material vaporizer comprising: 
a gas-liquid mixing section for mixing a liquid material and 

a carrier gas to generate a gas-liquid mixture; 
a heating type vaporizing section for vaporizing the gas 

liquid mixture from the gas-liquid mixing section and 
exhausting outside a gas generated by the vaporization 
with assistance of the carrier gas; 

wherein the vaporizing section includes one or a plurality 
of flat plates formed in a spiral shape by an inwardly 
twisting path. 

2. The liquid material vaporizer according to claim 1, 
wherein a filter is arranged on a rearward part of the vapor 
izing section. 

3. The liquid material vaporizer according to claim 1, 
wherein the vaporizing section has a gas introduction path, 
gas exhaust path, and a nozzle section provided at a connect 
ing section between the gas introduction path and the gas 
exhaust path. 

4. The liquid material vaporizer according to claim 3, 
wherein a filter is arranged behind the nozzle section. 

k k k k k 


